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METHOD FOR FREEZING AND TEUWING OF VIABLE CARTILAGE 



FIELD OF THE INVENTION 

The pres^ invaition relates to fieezbg and Rawing viable cartilage and 
methods for fi«ezing and ifaawing sudbi tissua 

LIST OF REFERENCES 

The following references are brought to &cilitate desoiption of ihe 
background of the present invention, and slK)uld ncrt be omstrued as limiting die 
patentability of ihe invention: 

1. ^Mdzew, K. et al., Ciyobiology 43, 260-267 (2001); 

2. Higgs, GB. and Boland, A.L, Proceedings of the ^tecttational cartilage 
Repair Society's Second Synqphoium, November 1998; 

3. McOovecan, BM. et aL, The Journal of Knee Suigoy, voLlS, No2 Spring 
2002; 

- 4. US patent 5,131,850 to Kelvin GM.; 

5. US patent 6,488,033 to Cerandolo D. G; 

6. USpatent5.873;2S4toArBvA.; 

7. US patent qiplication 20030064357 to Aiav A.; 

8. PCl-/IL03/00026toAfayA. 

The above publications will be lefesenced below by indicating dieir number 
fiom the above list 
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BACK6R0UND OF THE INVENTION 

Adult cartilage is a connective tissue populated by chondrocytes embedded 
in a dense extra cellular matrix (ECM) composed of a collagenous fiber networic. 
Functional articular c^lage is critical to proper joint function. Unfortunately 
articular cartilage has low self-repair abili^ and therefore defects are prone to cause 
abnonnal joint biomeciianics^ leading in the long run to degenerative changes. 

Treatments strive for a pain-free range of motion in tibie joint that provides 
enduring function, which enable a young patient to participate in a wide range of 
actiidties [3]. The list of operative treafm^t options for hyaline cartilage injury 
currently utilized by orthopaedic suigeons include microfracture^ chondral 
abraisonplasty, osteochondral autograft transplantation (OATS or mosaicplasty), 
autologous diodro^ transplantation (ACI), fresh osteochondral allografts, 
autologous peridiondral or p^osteal trani^lantation, and transplantation of 
bioabsorbabJe or non-bioabsorbable matrices. The ultimate ahemative is, of course, 
partial or total replaconent of the joint with prosthesis [2]. Nevertheless tiie 
management of laige fiill tiiickness osteochondral lesions remains an enigma. 

Cuirentiy, the mdfaod of choice to xq)air cartilage dama^ that is greater 
than 3 cm in diameter and 1 cm in depth is the implantation of tissue [3]. Normally, 
the implanted tissue (comprising bone and cartilage) is taken from a cadaver, from a 
sitethatismostshnilartotiieorganttiatisinneedofrq)airinthere^^ This 
allows the implanted tissue to have tiie most similar shape, arrangement (e.g. of 
bone and cartilage tissue) and weight bearing characteristics as tiie tissue of the 
implant site. This implant (or graft) is often named "^dlogrcft' since the graft is 
taken from one hidividual and iniplanted in anodier. 

Cunraatiy, cartilage transplantation is limited to fresh grafts. This is mainly 
due to the feet tiiat tiie post-implantation viability of the chondroQrtes is necessary 
fi)r the long-term maintenance of tiie biomechanical prcq)erties of the cartilage graft. 
Chondrocytes in cartilage are enclosed in lacunas witiiin tiie £CM, such that if one 
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a cell dies within a lacuna it cannot be leplaced by a cell migrating thereto. Thus, 
unlike bone grafts lhat may comprise dead bone tissue (which wiU bclater 
populated by bone cells fliat would migrate mto the implant) the cartilage graft 
must provide viable cartilage cells. 

However; cartilage cells can be noamtained viable within cart'ilage for a 
restricted period of time and must therefore be transplanted within a few days (no 
mote fiban 30) fiom the moment of donation [4]. This does not normally aUow 
sufficient time to test the donated tissue for undesitcd agents or traits such as 
transraittabJe diseases. It also reduces the chances of finding the best dotto^ 
redpient match. 

Long-term banking is the only strategy that can ensure an adeqpiate and safe 
sapply of cartilage and fte need for matchmg tissue type and site-specific 
requirements (size, cartilage thidaiess etc.). 

Isolated chondroi^ (i.e. not within cartilage ECM) have been successfixUy 
cryopreserved, [IJbul so fer cartilage cryopreservation and corrtrol rates of fieezing 
and thawing did not achieve an acceptable degree of cartilage viaWli^r [3). 

US Patent No. 5,131,850 [4] purported to disdose In J 992 a method for 
cryopreserving musculoskeletal tissues such as cartilage. However; it is commonly 
accepted that fliis cannot be achieved and tfie same ^signee clearly accepts Cm a 
later patent) tiiat "Osteoartiadar allogr<^. fmfever. have not typicalfy been used 
because osteoartkdar cells do not survive the fieezing or cryopreservation 
procesf[5\. 

m the wodt done by Muldrcw et aL P] cartaage was cryopreserved by 
exposure of tiie cartilage to step-wise decreasing external temperature. This 
method resulted in improved chodrocytes recovery within tiie tijawed cartilage. 
Nevertheless there was considerable variabiUty in the ceDs' survival rates within the 
e^erimental groiq) andtiie mean cell recovery was not appreciably improved. 



An advanced technology for fteezing is the "Multi-temperature gradient" 
(MTG) direcdonal soUdificatioD, whidi is based on the invention <fisclosed in US 
5.873,254. In this technology, fte sample is moved at a constant velocity (V) 
ftiougjj temperature gradients (G) so the cooling rate (G x V), ice firat propagation 
are controlled and the velocity of die movement of 4b sample deteninines the 
morphology of the ice aystals formed within die sample. This m^od also enables 
the incorporation of coouolled seeding into the fieezing process.. IWs method was 
utilized for example for freezing various biological samples in containers of various 
dimensions (e.g. sperm, blood, oocytes 6, 7) and even whole organs [8]. 

Glossary 

The term •'vtoWc cartilage'* in the context of this invention means aay tissue 
comprising viable cartilage cells (chondrocytes) embedded in cartilage extra 
ceUuIar matiix (ECM), whether or not comprising other elements including cells of 
other types and/or ECM Such cartUage may be taken from any source, including, 
for example, hyaline cartilage (such as the cartilage present in the tq) of joints) and 
fibrocartilage (such as flie cartilage present in the ears and in Ae inner parts of the 
nose). Non limiting examples fbr non-cartilage cells and tissues that may be 
included in a viable cartitage sample are cells and/or extta cellubr matrix of bone, 
tendon, Ugaroent, etc. In order for the cartilage to be deemed viable, at least some of 
the chondrocytes embedded Aerem must be viable, preferably 30% or more, 50% 
or more, 65% or more or even 69% or more. 

Hie terai "viabk [cetb/tissuer in Ihe context of this invention means oeBs 
or tissue (as the context requires) comprising cells fliat are enable of surviving 
provided that they are given the necessary conditions (e.g. nutrients, temperature 
and the like). When applied to frozen cells/tissue, the term 'Viaftfe" denotes such 
cells or tissues that are capable of remakung viable after bemg thawed. 
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The term ^frozen'' in 4ie contexl of this invention means having a 
ten^erature in which all biological processes die pcacticaUy ceased. 

The term feezing tmperatur^^ in the context of this invention means a 
tonpecaure below which a liquid to oystal phase iransitim occurs. 

The tenn '"meltbtg tenperature" in the context of Ms invention means a 
temperature above whidi tib.ere is no more recrystalization of ice but only transition 
from ice to liquid. 

The t^ ^'glass transition temperature'" (Tg) in tibie context of this inv^on 
means a t^pera&ire which below it a system is increased in its viscousity until it is 
no longer liquid but is turned into an amorphous solid in a stable thenno<^amic 
state. 

The above temperatures are diffiwnt for eadi solution, and are a product of 
the solution's composition. The temperatures can be detmnined, at least 
^proximately, by metiiods known in tiie art In tiie context of tins inv^tion, a 
temperature is deemed to be ^'abrnf* or *'substantialfy equoT to a given 
temperature (e.g. to a melting temperature) when the difference in temp^ature is no 
greats than 10°C, more preferably no more than 5^C, TC or even OJT, and most 
preferably no morcflian 0.01X. 

The term ''contained in tiie context of tiiis mv^on means any sort of 
container capable of containing viable cartilage and capable of witiistanding tiie 
fre^g and/or tiiawing of tfie inveation without damage, such that tiie viable 
cartilage may be protected from spillage and/or contamination. Non-hmting 
examples of such containers are tubes, bags, straws, sacs and laboratory dishes. 

SUMMARY OF THE INVENTION 

Tbe method of the preset invration is aimed at freezing and thawing of 
viable cartilage. 
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Oae aspect of the present invention is a method for Ifae generadoD of fiozen 
viable cartilage using a oyopreservation solution, said method comptising: 

(a) pro^dding a container containing viable cartilage in said ciyopreservatioQ 
solution at a temperature above the frce:dng t^perabire of the 
cryopreservation solution; * 

(b) moving said container along one or more consecutive tanperature 
gradients ran^untg &om a temperature above said fieezing temperature to 
a tmiperature below said fieeang temperature siKh that flie sample 
would be cooled at a cooling rate of 0.01 ^C/min to 3X/min, such that (he 
frozen viable cartilage is obtained 

The cooling rale of above Step (b) is a result of the temperature gradients 
along which the container is moved f C/inm) and the velochy of movement along 
the gradient (mm/min). The velocity of movement of the method of the invention 
may be any velocity that would achieve the desired cooling rate, and preferably 
between 0.0001 mm/sec and S mm/sec. The temperature gradient along which the 
san^le b moved may be any gradirat ibst would achieve the desired cooling rate» 
and preferably between O.l^C/imm to SO^C/mm. 

According to yet another aspect of the pr^ent inveQti<m, a m^od is 
provided for thawing firo^ viable cartilage con^niskig a oyopres^ation 
soludon, to obtain tiiawed viable cartilage, said mediod con^rismg: 

(0 providing a container containing frozen viable cartilage at an initial 
temperature below die glass transition temperature of the 
Giyopreseivation sohition; 

(n) warming said viable cartilage jBrom said initial temperature to an 
intermediate temperature being at least about said glass transition 
t^qpexature or above said ^ass transition tacyp^ature but no more than 
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&e tenperatuie wherein rsctystalizatioD b^ins to occur at a rate 
sufficiency slow to nmiimize fiacture of s^d viable cartilage; 

(jyy)warming said viable cartilage fnm said in^tmediate temperature to a 
tenoperatuie that is at least substantialliy equal to the melting temperature 
of tibie ciyopreserration solution at a rate suffid^y hi^ to mixurnize 
recrystalization, sudi tihiat thawed viable cartilage is obtained 

The present invention is not limited to a specific metiiod of changing the 
tecDperature of the viable cartilage, and this may be done in any mann^ that would 
adiieve the desired rate of temperature change. Thus at any step of the method of 
this invention the viable cartilage may be warmed for example by immersion of tiie 
contains in a fluid having a warmer temperature than the container or by 
directional movem^ of the container along one or more t^q>erature g^ents. 

A preferred rate of tiiawing in above step (ii) is between O.l^C/min and 
200*^amin, and more prefaably 90^C/rnin. Likewise, a prrferred rate of fljawing 
in above st^ (in) is between lOO^Oknm and lOOO^'C/min, and more preferably 
200*'C/min.; 

As deified above^ tiie present invention provides &Qzm viable cartilage. 
Sudi cartilage may remain viable for an extended period of time 0>^tLcal]^ - 
indefinitely), and may thus be banked This would allow all useful or necessary 
tests to be p^ormed before tiie tissue is transplanted (e.g. screening for infectious 
(Useases). Banking may enable doctors to djoose a graft from a larger reservoir df 
tissue and thus allow better donor-recipient matching (e,g, size, source and tar:^ 
sit^ shape)* 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In Older to uadexstand the invention and to see how it may be carried out in 
practice, a pieferred CTbodimrat will now be described, by way of non-timiting 
example onl% with lefiarence to die accompanying drawings, in Mduch: 

JFIg. 1 is a graphical rq)resentation of the temperatures measured during 
IGteezing widiin a bone pordon and a cartilage portion of an osteochondra! graft 
while being frozen in accordance with this invention; 

DETAILED DESCRIPTION OF THE INVENTION 

In the followuig, all materials were purchased from Sigma St Louis, USA 
unless specified otiberwise. 

1- freezing of osteochondra! cylinders from sheep. 

Fresh cadaver sheep 1^ were purchased &om a slaught^ house (Holon 
Slau^ter house, Israel), and all manipulations of tissue sample were done in a 
sterile manner. Osteochondral cylinder, 12 mm in diameter, were drilled from 
sheep knee chondyle using a power surgoy drill (hn^ Veterinaiy Inc. Texas, 
USA)« Harvested cylinders were maintamed in a buffered physiological solution 
containmg 0.9% NaCl (Sigma, St Louis, USA) and 3% antibiotics 
(PmiciUn/Strq)tomycin/ Nystatto^ Biologii^ Industries, Beit Hameic, Israel) until 
conqiletion of haivestmg. 

10 ml cryopreservadon solution (con^rising nutri^t mixture F«12 (HAM), 
1 J8M Ethylene Glycol and 1% antibiotic (peniciUn/streptomycm/nysiatin)) was 
put in a conventional 1 6 mm (in diameter) glass tube. The harvested cylinders wcm 
mserted into die tubes wid) die cartilage part of die q/linder close to the tip of the 
tube. Cylinders were held at 4X for a pOTod of 30 mimites to 6 hours before 
freezing. 



The cylinders firozw using Multi Thennal Gradient (MTG) fizzing 
apparatus (TNTT, Israel) comprising 4 coolm^ The cylinders were inserted 

into a first block and (hen moved through the blocks at 0.022mm/sec. The block 
tanpccatures, at Iheir distal ©ids, were OX, -6°C, and -Z&'C. The cooling 
rates were O.VCftm fix)m OX to -6X and 0.4*C/min fiom to -86X. After 
fiee^dng the cylinders were transferred for storage in liquid nitrogen (LN) 
(temperature .130*'C. -196X). 

Fig. 1 is a graph whidi depicts the tempoature change within the cylinder 
during ii^ezmg, measured using two ttiemiocouples (TCs) (ALMEMO^ 2290-4). 
One TC was inserted into bone tissue wiQiin fhe ^linder and the other TC wa^ 
inserted within a cartilage portion of the ^yiinden As seen«tfie cylinder was fiozen 
in two diflferent rates» the first rate being slower than the second rate. The cartilage 
portion that was placed near tibie leading end of the tube froze slightly faster than the 
bone portion. Between the two freezing rates there is a short isotherm, wherein the 
temperature is measured to rise rather ftan feU. This is due to the fact that 
csrystallization, which occurs at the freezing point, is an exogenous reaction*.In 
directional freezing ^ heat so generated is transferred to the warmer portion of 
the sample (i.e. a^geunst fiie direction of the t^«:ature gradient). Thus the rising 
of temperature does not substantially affect the arte of fieezing of tifaie cylinder: 

iu Thflwinpr df osteochondral cylinders from sheep> 

Tubes containing frozen articular cartilage (flinders (frozen according to the 
jfreeang protocol detailed in point 1 above) wq» rroioved from LN and were held 
at room tempcrahire for 100 seconds (slow wamnng). They were dien transferred to 
a 68X water bath for 10 seconds and then to a 3TC water balh until cylinders were 
brou^t back to physiolo^cal temperatures (rapid warming). 

The cryopreservation solution was washed by transferring the thawed 
flinders through a series of solutions with decreasing concentrations of sucrose 
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(0,5M, 0-25M and 0.1 25M). Sucrose (Sigma, St Louis, USA) was dissolved in a 
solution composed of 89% F-12 HAM medium, 1% antibiotic 
(Penicilin/Streptomycin/Nystatm) and 10% FCS (all from Biological Industries Beit 
Ha^ek, Israel). After at least S minutes in each solution the thawed cylinders were 
kept in a F12 solution with 1% an^iotics PraicUin/Streptomycin/Nystatin*- 
Bilolo^cal Industries Beit Hamemek, Iscad) and 10% FCS (Biological Industries 
Ltd,). 

3- Snrvival of chondrocyes. 

Different in vitro assays were used to assess the quality and viability 
chondrocytes populating articular cartilage cylinders after freezing and thawing as 
described in points 1 and 2 above. The results of thawed cartilage cylinders were 
conqsared to those of fresh ones. 

Cartilage cultures 

Thawed cartilage cylinders were obtained in accordance with point 2 above . 
Fresh cartilage cylind^ were harvested along with the cylinders Uiat w^ frozen 
but were assayed as follows, upon harvesting and without freezing. The cylinders 
were cut to cubes measuring ca. 2x2x1 mm and were assayed as follows. 

CeUviabUUyassa^ 

l^ble 1 sununarizes fhe oqperimratal results of e^qserim^ conducted to 
show the post-thaw viabiliQr of cartSag? cells after bdng fiozsen and diawed in 
accordance wifh this invention. Sample 1 was fr«h utrtilage. Samples 2-4 were 
fit>zra at the following xe^ective velocities of movemoit and cooling rates: 
Sample 2: 0.lmm/sec, O.e'^C/mm; Sample 3 = 0.05mm/scc, O.d^'CAmn; Sample 4 « 
0.025mm/sec, 0.4*'C/rain. 



Table 1. In vhro sheep knee cartilage freezing results 













Cellcultuie 


100% 


40% 


ma 


80% 


XTT* 

OD/ioag tissue 


100% 


5% 


44% 


40% 


LIVE/DEAD 
Viability (average 


63.461:11/69 




41.S2H24 


44.86^.48 


Survival* 


100% 


50% 


65% 


69% 



The diawed or fresh tissue cubes (5 samples of each) wore cultured in F12 
biological Industries Ltd., Beit Haemek, Israel) supplemented with 10% FCS 
(Fetal Calf Serum Biological Industries Ltd., Beit Haemek, Israel). 

The experimental protocols corresponding to Table 1 were as follows: 
L Celt cuhure assay 

The san^les were observed during incubation to confinn that chondrocytes 
migrated out of Ae ciibes. Table one shows the pr<^rtion of cultures m which 
cartilage ceDs migrated out of flie cubes within two weeks. 

/. Xrr<ett metabolism assoy 

Hie XTT reagent kit (Biological bdustries Ltd., Beit Haemek, Israel) was 
used in accordance widi tiie manufacture's mstructions. In tibus metibiod the optical 
density (OD) b proportional to the number of living cells and their metabolic state. 

Cartilage slices were incubated m a 96 well mioo titer plates in complete 
culture medium (89% F12, 1% antibiotics, 10% FCS). A well containing slices of 
cartilage boiled for 2 minutes was used as control for non specific uptake by dead 
cells, and showed no significant difference in OD from the background. OD i^ults 
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were divided in cartilage wet weight to nomalize for snoall diffarences in sample 
size. 

Cell viabililv assay 

The UVE/DEAD Viability Kit (L-7011 Molecular Probes, Oregon, USA), 
was used in accoidance with the manu&ctiiter's instructions. In this metfiod live 
cells with intact membranes are observed as briaJit green, wfaeireas cells with 
damaged membranes are observed red. Viability is expressed as number of green 
cell/total number of cells (green + red ceils). 

Harvesting and hflndlm^ o f Cartitoge 

In the above example cartilage was obtained ibm sheep. However, Has 
present invention may be carried out also in respect of tissue harvested from any 
other animal, including humans. After freezing and/or thawmg the san^Ie may be 
used for any purpose, including implantation in the donor or in a different recq>ient, 
whether or not of the same species, or for any oUset purpose such as research. The 
cartilage may be of any shape or size and can be harvested in any desired manner: 
However, to avoid contamination cartilage that is intaided for implantation must be 
handled in a sterile manner. 

Preferably, flxe frozen tissue is an osteochondral graft conqjtisii^ articular 
cartilage removed from the femoral chondyls of the knee and m^ be in (he fonn of 
a cylinder measuring 3mm to SOmm in diameter. 

Hie harvKted cartilage may be maintained fiir the duration of the harvesting 
procedure and for a short time prior to freezing under any conditions compafible 
with the tissue survival, and preferably m 0.9% NaCI sohition containing 3% 
antibiotic solution that is microbiaUy efBsctive, while sparing the cells which are 
important for long-term tissue maintenance. The tissue is normally kept in room 
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tei£q)eratute until inseition into a ciyopiotecting solutioo and then moved to 4^C, 
v/h&e it may be maintained for several hours before fieezing. 

Crvopreservatioa 

Any conventional buffered physiological solution can be used in practicing 
the present invention. For example - tissue culture media and simple buffered salt 
solutions may be used. A cryopreserving agent is added in solution to Ae 
osteochondral tissue to protect the cells during freezing, preferably ethylene glycol, 
although other suitable cell-penetrating organic solutes can be used, such as 
DMSO, polyalcohols (for example, ethylene Glycol propylene glycol, glycerol and 
butane dioQ; and alkyl sulpho;ddes (for example, methyl e&yl suIphoxide» 
dietiiylsulphoxide, dibutylsulphoxide^ melhylbutyl sulphoxide, and 
efliylbufylsulphoxidc). 

The cryopreservation solution may comprise for example 5 to 200ml of 
buffered physiological solution and a cell-penetrating organic solute in a 
concentration fiom about 0.5M to about 3M Antibiotic solution of any kind may be 
included having tiie prefenred concenlratioD of O.S^ to 5%. The volume of solution 
used is such tiiat the tissue would be completely immosed therein and can be easily 
detemsined by one skilled m tiie art, and is dependent upon the size of tiie tissue to 
bepr&erved. 

Freezing can be d(me using any apparatus or medijod that will allow 
directional fie^ng of tiie cartilage, suA as tiie Multi Ihermal Gradient (MTG) 
fteezing ^aratus (Mf, Israel) tiiat was Block temperatures should 

impose on tiie viable cartilage a gradient begihmng at a temperatuje above the 
freezing temp^ture of tiie solution, preferably between 5K and 0**C, and enduig 
at a temperature below the freezing temperature herein recryslaization Is 
practically non-existent The cartilage may be cooled at any cooling rate tiiat is 
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sufficiently slow to prevent damage to the chondrocytes and preferably between 
0.01'C/mm and S'C/min. 

In addition, it is known m the art to be advantageous to initiate controlled 
seeding in the sample, to avoid uncontrolled ice nucleation, and thus to tninimize 
the damage to fte tissue from the ice propagation. This can be achieved in any 
manner inclu(fing for example touching the leading end of the tube wilh a voy cold 
object (e.g. a small amount of liquid mhogen) belfoie starting the fieezing 
procedure. 

After free:dng is completed the tubes may be stored hi any cold storage 
fiiciUty at -I30"C to -1 96»C. The san^les may be Vsgt practically indefinhely, and 
in any case may survive storage ftom 24 hours to 6 months before fliawing. 

Thawing 

It is appredated by a person skilled in the art of the invention that according 
to the thawing method of the.invention the viable caitilagp is towed in two stages. 
In the first stage the tissue was broug^it from die storage tempetabjre to a glass 
transition state by bringing it to a tenq»erature between -J30»C and -^^^^ This 
stage is conducted at aslowwarmmgrate (0.l'CAnin.200«CAnin) in order to avoid 
fracture of the tissue. In the second stage sanqjles are brought to tiie melting point 
by bringmg tiieir temperature to OX at rapid waimmg rate (lOO'CAnin- 

lOOO'C/min) in order to avoid recrystalization which is known to damage 

biolo^cal oitities. 

After thawing, the cryoprotectant is removed as foUows: Ihe viable cartilage 
^ed as described above is removed using a stertte technique and placed in a 
sohition containing biocooqwtiblc sugar, a serum of any species and antibiotics in a 
bofiered physiological sohition for 5 to 10 fflimites. Any nonrceU membrane 
peoneable biocompatible sugar, polyol or otiier organic solute can be used, such as 
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sucrose, maonitol, sorbitol, trehalose, fructose, glucose, rafitnos^ xnaltose, xylitol, 
amino acids or the like. 

The dilution of the ciyopiotectant conc^stradon by the biocompatible sugar 
soMon is preferably in decreasmg steps of at least half the molarity of Ae previous 
step. Ihus. if the original ayoprotectant concentration is 2M, liie first dilution step 
would employ IM sugar. 

The above examples are by no way limiting, and the methods of the 
invention may be carried out in many dilSerent variations, some of which are 
detailed below: ^ 
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CLAMS: 

1, A mediod for the graieration of frozen viable cartilage using a oyopieservation 
solution, said mediod ccnnprising: 

(a) providing a container containing viable cartilage in said ciyopreservatioo 
soludon at a temperature above flie fieezing temperature of tiie 
ciyopreservation solution; 

(b) moving said contaner along one or more consecutive traoperature 
gradients ran^ng from a temperature above said freezing tanpaatuie to 
a tonpo^ture below seud freezing temperature such that the sample 
would be cooled at a cooling rate of 0.01 °amin to S^C/xnin, sudi tiiat 
file frozen viable cartilage is obtained. 

2. The mietfaod of Claim I wherein the the velocity of movement along the 
tenqieiatuie gtadienl in step (b) is between 0.0001 mm/sec and 5 mm/sec. 

3. The method accordmg to Claim 1 or 2, wherein the temperature gradients in 
step (b) are between 0.1°C/mm to 50"amm 

4. The method according to anyone of Claims 1 to 3 wherein step (b) finfter 
comprises controlled initiation of seeding of free^nng 

5. The method of Clahn 4, wherem the seedmg is initiated by touching ti» leading 
end of file container with a cold object; 

6. The method ofQaim 5, wherein flie cold olgect is liquid nitrogen. 

7. The method according to ai^ne of Clauns 1 to 4. further comprismg after step 
(b): 

(c) tiansfferring the contamer to storage at a tempaatute below tiie freezing 
point 
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8. Hie metiLod according to Claim 7, wbierein said storage is io liquid nitrogen 

9. Frozen Cartilage obtainable by perfonning Ihe steps of anyone of Claims I to & 

Id A meOiod for tiiawing fcozm viable cartilage comprising a cryq)reseivation 
sohition to obtain thawed viable cartilage, said method comprising: 

(a) providing a container containing frozcai viable ^Milage at an initial 
temperature below ihe glass transition temperature of the 
oyopreservation solution; 

(b) warming ssdd viable cartilage from said initial temperature to an 
intermecfiate temperature bdng at least about said glass transition 
t^pexatute or above said glass transition temp^niure but no more than 
the traiperatute wherein reoryslalization be^ to occur at a rate 
sufiidentily slow to minimize fiacture of said viable cartilage; 

(c) warming said viable cartilage fiom said intermediate temperature to a 
temperature tiiat is at least substantially equal to the melting temperature 
of the oyopresecvation solution at a rate sufficiently h^ to nunimize 
reoystalization, sudi tiiat thawed viable cartilage is obtained 

n.The metiiod according to Clsum 10, wherein the temperature change rate at Step 
(b) is between O.VC/mm and 200''C/min; 

12. The metiiod according to Clcum 1 1 , wherdn tfie temperature change rate at Step 

(b) is90*'C/min. 

13. The xuietiiod accordmg to anyone of Claims 10 to 12, wherein the temperanne 
change rate at Step (c) is between lOO^C/min and 1000?C/min: 

14. Ihe metiiod according to Claim 13, wherein tiie t^oature change rate at Step 

(c) is200''C/min. 
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IS. The method according to any one of Claims 10 to 14 herein anyone of s^s 
(b) or (c) is adueved by moving the cootainer along one or more tesnpmture 
gradients. 

16. Thawed Cartilage obtainable by perfomiing tilie steps of anyone of Claims 10 to 
15; 

17. Thawed Cartilage obtainable by: 

(a) performing the steps of anyone of Claims 1 to S; and 

(b) perfomiing the stsps of anyone of Claims 10 to 15; 
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